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APPARATUS FOR ELECTRONIC DATA STORAGE 

BACKGROUND OF THE INVENTION 

1 . The Technical Field 

The present invention relates generally to apparatus for electronic storage of data. 
More particularly, the present invention relates to disk drives and disk controllers for use in 
computers and other electronic apparatus. 

2. The Prior Art 

Various types of electronic data storage devices for use in connection with digital 
computers and the like have been developed over the years. Such devices include floppy disk 
drives which typically use easily removable and transportable magnetic storage media; hard 
disk drives which typically use fixed magnetic storage media; tape drives which typically use 
easily removable and transportable removable magnetic storage media; and optical disk 
drives, such as compact disk read-only memory (CD-ROM), compact disk read-write (CD- 
RW), and digital versatile disk (DVD) drives, among others, which typically use easily 
removable and transportable optical storage media. 

A typical computer, especially a microcomputer or personal computer, often includes 
more than one of such data storage devices. A typical microcomputer, for example, might 
include an internal, fixed hard disk drive, a 3.5 inch floppy disk drive, and a CD-ROM drive. 
Each such device typically would be a discrete unit including its own disk controller, and the 
various devices typically would be independently mounted at various different locations on 
the computer's chassis. Further, each such device typically would be interconnected with 
each of the other devices and a disk/bus interface adapter which typically would be mounted 
on the computer's chassis. Ribbon cable having an inline connector for connection to each 
such device is commonly used for this purpose. 
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The foregoing architecture has certain shortcomings. For example, the ribbon cable 
typically used to interconnect the various data storage devices is costly and prone to damage, 
particularly as the number of interconnected disk drives increases. Such cable can be easily 
damaged by persons performing maintenance or repair activities on the computer's chassis. 
Also, the connectors used in connection with such cables generally are installed at certain 
predetermined locations, based on the installed locations of the storage devices they are 
intended to connect to, and they are not readily moved from one location on the cable to 
another. Consequently, in order to install and connect an additional storage device in a 
typical personal computer, for example, an additional inline connector must be installed at the 
appropriate location on the ribbon cable. This procedure requires special tools and skill, and 
can result in damage to the cable if performed incorrectly. Further, the existing ribbon cable 
often will be just long enough to interconnect the existing drives in their original locations. If 
any or all of the existing drives are moved from their original locations to different locations, 
or if new drives are added, the existing ribbon cable (and its connectors) might need to be 
replaced in its entirety in order to permit interconnection of the drives in their new layout. 

Modern hard disk drives are much less expensive and have much greater storage 
density than their forerunners. Further, modem disk drive technology allows for smaller, 
more compact drives than previously possible. In some applications, it may be desirable to 
use a number of smaller disk drives, rather a single, larger hard drive having the same 
aggregate storage capacity. For example, it may be easier to package a number of smaller 
units into a particular space than one larger unit. Also, if a number of smaller units is used in 
place of a single larger unit, a random failure of a single smaller unit is likely to result in the 
loss of less data than a random failure of a single larger unit. However, if an application is to 
include a large number of smaller devices, it becomes impractical to interconnect such units 
using conventional means, such as the interconnecting cabling described above. Also, 



because each individual, conventional disk drive typically includes its own dedicated disk 
controller, an installation using a large number of smaller disk drives would require allocation 
of a relatively large volume of space to the disk controllers - space that could be better used 
for data storage. 



ST TMMARY OF THE INVENTION 

The present invention is directed to electronic data storage apparatus having high data 
accessibility, data transfer rate, fault tolerance, and redundancy, among other characteristics. 
The present invention allows for interconnection of any number of data storage devices with 
any number of computers, processors, or other electronic apparatus, with unlimited 
flexibility. 

In a preferred embodiment, one or more data storage devices are mounted on and 
electrically connected to a card that can be inserted and secured into a receptacle, or slot, in 
the chassis of a computer or other apparatus. In a preferred embodiment, the data storage 
devices are miniature hard disk drives. In other embodiments, optical disk drives, flash 
memory modules, or other types of data storage devices may be used instead of, or in 
addition to, hard disk drives. 

In a preferred embodiment, the card includes a printed circuit portion, and each disk 
drive mounted onto the card includes output pins similar to the output pins found on a 
conventional integrated circuit package. In one such embodiment, a disk drive's output pins 
are soldered directly to the printed circuit, thus securely connecting the disk drive to the card 
both mechanically and electrically. The disk drive's output pins can be bent pins which are 
soldered to the printed circuit on the side of the card adjacent to the disk drive, i.e., surface 
mounted, or they can be straight pins which extend through holes in the card and are soldered 




to the printed circuit on the side of the card opposite the disk drive. Surface mounting 
sometimes is preferable because the bent pin structure tends to provide an amount of shock 
absorption for the disk drive. 

In an alternate embodiment, one or more multi-pin electrical connectors are soldered 

5 directly to the card and the disk drive's output pins are inserted into corresponding pin 
receptacles in such connectors. In this manner, the disk drive is electrically and, to some 
extent, mechanically connected to the card. If additional mechanical support is required to 
securely fasten the disk drive to the card, it can be provided by using screws, clamps, or other 
devices to secure the disk drive to the card. This embodiment permits relatively simple 
• 1 0 replacement of a disk drive once the card it is mounted on has been removed from its 
associated apparatus because desoldering and resoldering are not required. 

In another embodiment, the disk drive includes electrical contact pads instead of, or in 
addition to, output pins, and the card includes corresponding electrical contact pads which are 
integral with the printed circuit or are external to, but connected to, the printed circuit. In 

1 5 such an embodiment, the disk drive is placed upon the card so that the electrical contact pads 
on the disk drive become engaged with the corresponding electrical contact pads on the card, 
and the disk drive is then secured to the card using screws, clamps, or any other suitable 
device. 

In any of the foregoing embodiments, additional disk drives or other data storage 
20 devices may be stacked upon the disk drives or other data storage devices which are mounted 
directly to the card. 

In a preferred form, the card also includes one or more electrical connectors for 
electrically connecting the card and the disk drives and other circuitry thereon to the card's 
associated computer or other apparatus when the card is inserted into a slot in the chassis of 
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such a computer or apparatus. Any suitable electrical connector, conventional or custom, can 
be used for this purpose. 

One or more disk controllers are used to control data flow to and from each of the disk 
drives mounted on a card. In a preferred embodiment, a card includes a single disk controller 
which controls the data flow to and from each of the disk drives on that card. In an alternate 
embodiment, a card includes more than one disk controller, each of which is associated with 
one or more disk drives mounted on that card or on another card. In yet another 
embodiment, a card has no disk controller thereon, and the data flow to and from the disk 
drives mounted on that card is controlled by a disk controller which is mounted on a different 
card or elsewhere within the associated computer or other apparatus with which the disk 
drives are associated. 

In the foregoing embodiments, the card has been described as having a printed circuit 
portion to which the various disk drives and electrical connectors are electrically connected. 
In other embodiments, the printed circuit portion may be replaced or supplemented by 
discrete wires interconnecting the various components mounted on the card. 

In an embodiment of the invention, a single card is associated with a single computer 
or other electronic apparatus, effectively coupling only the disk drives mounted on the card to 
only that computer in what may be referred to as a one-dimensional array. That is, a single 
array of disk drives mounted on a single card is associated with a single computer or other 
electronic apparatus. In another embodiment, more than one card is associated with a single 
computer or other apparatus, effectively coupling any or all of the disk drives on those cards 
to only that computer in what may be referred to as a two-dimensional array. That is, two or 
more arrays of disk drives mounted on two or more cards is associated with a single 
computer. In yet another embodiment, more than one card is associated with more than one 
computer, effectively coupling any or all of the disk drives on those cards to any or all of the 




connected computers in what may be referred to as a three-dimensional array. That is, two or 
more arrays of disks mounted on two or more cards j£ associated with two or more 
computers. In this embodiment, a switch or router is used to direct data between a selected 
card/disk drive and a selected computer. In further embodiments, multiple arrays of cards can 
5 be interconnected with one or more computers in the same manner that multiple arrays of 
disk drives can be arrayed with computers, as described above. 

As illustrated by the foregoing embodiments, the present invention allows unlimited 
flexibility in interconnecting any number of disk drives with any number of computers, 
processors, or other electronic apparatus and operating such disk drives in association with 
' 10 such computers or other apparatus. For example, in one possible application, any number of 
disk drives can be used for data storage for a computer. A number of disk drives can be used 
for primary data storage and a number of additional disk drives can be used for real-time 
redundant data storage to prevent loss of data in the event a primary data storage device fails. 
Further, any number of data storage devices can be provided for use as spares which can be 
1 5 placed into immediate service to replace a failed primary or redundant data storage device. 
Such spares can be placed into service without taking the computer out of service or 
otherwise disrupting the computer's operation by simply rerouting data destined for the failed 
device to the spare device. The computer can be programmed to effect such rerouting 
automatically upon detecting a disk drive failure. 

20 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a perspective view of a data storage apparatus according to the present 
invention; 
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Fig. 2 is a perspective view of an alternate embodiment of an apparatus according to 
the present invention; 

Fig. 3 is a plan view of a disk drive according to the present invention; 
Fig. 4 is a perspective view of an electronic equipment chassis according to the 
5 present invention; 

Fig. 5 is a plan view of a printed circuit; 

Fig. 6 is a side elevation view of a disk drive according to the present invention; 
Fig. 7 is a schematic view of an embodiment of a data storage apparatus according to 
the present invention; 

10 Fig. 8 is a schematic view of a further embodiment of a data storage apparatus 

according to the present invention; 

Fig. 9 is a schematic view of another embodiment of a data storage apparatus 
according to the present invention; 

Fig. 10 is a schematic view of yet another alternate embodiment of a data storage 
15 apparatus according to the present invention; and 

Fig. 1 1 is a schematic view of still another alternate embodiment of a data storage 
apparatus according to the present invention. 



DETAILED DESCRIPTION OF THE DRAWINGS 

20 

Fig. 1 illustrates a preferred embodiment of a data storage apparatus according to the 
present invention. The data storage apparatus includes a card 12 onto which one or more data 
storage devices, such as disk drives, optical drives, tape drives, and flash memory modules, 
and other components, such as integrated circuits, can be mounted. Preferably, card 12 is 
25 configured to be inserted and secured into a mating receptacle, such as slot 22, of a computer 
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chassis or other framework, such as electronic equipment chassis 24. Locking levers 18 on 
card 12 can be used to secure card 12 into, and to facilitate the release of card 12 from, such a 
slot or receptacle. 

In a preferred embodiment, card 12 includes a printed circuit portion 28, as illustrated 
in Fig. 5, which will be discussed further below. Preferably, card 12 also includes one or 
more electrical connectors, such as the multi-pin connectors 16 shown in Fig. 1, each of 
which engages with a mating connector (not shown) on chassis 24 when card 12 is inserted 
into slot 22 on chassis 24. 

Data storage devices can be mounted onto card 12 in any number of configurations, 
depending on the relative sizes of card 12 and the data storage devices. For example, in the 
embodiment illustrated in Fig. I, six disk drives 14 are mounted directly onto card 12. 
Further, additional data storage devices can be stacked onto those data storage devices which 
are mounted directly onto card 12. For example, in the embodiment illustrated in Fig. 2, six 
disk drives 14 are mounted directly onto card 12, and a disk drive 14' is mounted atop each of 
three disk drives 14. In other embodiments, additional disk drives (not shown) can be 
stacked upon any or all of disk drives 14\ Although the embodiments illustrated in the 
drawings and described herein do not include any data storage devices other than disk drives 
14 and 14', disk drives 14 and 14' may be replaced or supplemented by optical drives, flash 
memory modules, or other data storage devices. 

Each individual disk drive 14 or other data storage device can be secured to card 12 in 
various ways. In a preferred embodiment, disk drive 14 includes output pins 26 which are 
similar to the output pins of an integrated circuit package. In the embodiments illustrated in 
Figs. 3, 5, and 6, output pins 26 are bent leads which are soldered to a portion of printed 
circuit 28 on the surface of card 12 which is adjacent disk drive 14. In other embodiments, 
output pins 26 are straight leads which penetrate apertures (not shown) in card 12 and which 
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are soldered to a portion of printed circuit 28 on the surface of card 12 which is opposite disk 
drive 14, as would be known to one skilled in the art. Both of the foregoing embodiments 
provide for both mechanical and electrical connection of disk drive 14 to card 12. 

In an alternate embodiment, a multi-pin electrical connector (not shown) is soldered to 
printed circuit 28 of card 12 in either manner described above. A disk drive 14 having 
straight output pins 26 is connected to the multi-pin electrical connector both mechanically 
and electrically by pushing the disk drive's output pins 26 into the pin receptacles of the 
connector. This embodiment provides for easy replacement of a disk drive 14 once card 12 
has been removed from chassis 24. However, this embodiment does not provide as much 
mechanical support for disk drive 14 as an embodiment wherein disk drive 14 is soldered 
directly to printed circuit 28 on card 12. Where additional mechanical support is required, it 
can be provided by using screws or other suitable fasteners to secure disk drive 14 to card 12. 
For example, the disk drive 14 illustrated in Fig. 3 can be fastened to a card 12 by inserting a 
screw (not shown) through each aperture 20 and threading the screw into a corresponding 
threaded hole (not shown) in card 12. Alternatively, a disk drive 14 can be secured to card 12 
using an integrated circuit chip clamp (not shown) of the type which is used to secure a 
microprocessor chip to the motherboard of a typical personal computer, as would be known 
to one skilled in the art. 

In other embodiments, disk drives 14 can be connected to card 12 using any variety 
of electrical connection and mechanical attachment. In one such embodiment (not 
illustrated), the disk drive includes electrical contact pads instead of, or in addition to, output 
pins, and the card includes mating electrical contact pads. When the disk drive is connected 
to the card, the electrical contact pads associated with disk drive 14 make contact with the 
corresponding electrical contact pads associated with card 12. The disk drive can be secured 
to the card using screws, clamps, or other devices, as described above. 



As discussed above and as illustrated in Fig. 2, additional disk drives 14' can be 
stacked upon disk drive 14 which is mounted directly to card 12. Disk drive 14* can be 
connected to disk drive 14 in any of the ways that disk drive 14 can be connected to card 12. 
That is, disk drive 14 can include an electrical connector/pin receptacles (not shown) for 
receiving the output pins 26 of disk drive 14'. Alternatively, disk drive 14 can have external 
electrical contacts (not shown) to which the output pins 26 of disk drive 14' can be soldered. 
Further, disk drive 14 can have one or more electrical contact pads (not shown) configured to 
mate with one or more corresponding electrical contact pads (not shown) on disk drive 14' 
when disk drive 14' is attached to disk drive 14. In these embodiments, primary and/or 
supplemental mechanical support for disk drives 14,14' can be provided using screws, 
clamps, or any other suitable devices in a manner similar to that described above for 
embodiments not including additional disk drives 14'. 

In a preferred embodiment of the invention, card 12 includes a single disk controller 
(not shown) which controls the flow of data to and from each disk drive 14,14' on card 12. In 
other embodiments, card 12 can include multiple disk controllers, each of which is used to 
control data flow to and from a group of disk drives 14,14' on card 12. In further 
embodiments, a disk controller on card 12 can control data flow to and from disk drives 
14,14' on other cards. Alternatively, a particular card 12 can include no disk controller; in 
such an embodiment, the flow of data to and from disk drives 14,14' on card 12 is controlled 
by a disk controller located on another card 12 or elsewhere in the computer or other 
apparatus associated with card 12. 

Any number of cards 12, each having one or more disk drives 14,14', can be 
associated with any number of computers or other electronic apparatus. For example, as 
illustrated in Fig. 7, a single card 12 having any number of disk drives 14,14' can be 
associated with a single central processing unit (CPU) 32 of a computer or other apparatus in 
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what may be referred to as a one-dimensional array. Alternatively, as illustrated in Fig. 8, 
two or more cards 12 can be associated with a single CPU 32 in what may be referred to as a 
two-dimensional array. 

In another embodiment, as illustrated in Fig. 9, two or more cards 12, each having any 
number of disk drives 14,14', can be associated with two or more CPU's 32 in what may be 
referred to as a three-dimensional array. In such an embodiment, switch 34 directs data 
between a selected CPU 32 and a selected card 12 according to instructions provided by CPU 
32 and/or the disk controller (not shown) associated with the selected card 12 or group of disk 
drives 14 on such card 12. 

Further, as illustrated in Fig. 10, one or more arrays 36 of cards 12 can be associated 
with one or more CPU's 32. In such embodiments including more than one CPU 32, switch 
34 is used to direct data between a selected CPU 32 and a selected array of cards 12. Switch 
34 is not required in such embodiments having only one CPU 32. 

In the embodiment illustrated in Fig. 11, disk drives 14 or cards 12 having disk drives 
14,14' thereon are linked together with CPU's 32 in an alternating fashion. That is, a disk 
drive 14 or card 12 having disk drives 14,14' mounted thereon is linked to a CPU 32, which is 
linked to another disk drive 14 or card 12, which is linked to another CPU 32, and so forth. 
This configuration readily allows for pipelining, as would be known to one skilled in the art. 
Further, in this configuration, the memory afforded by disk drives 14,14' can supplement or 
replace solid state memory which ordinarily would be used in connection with CPU's 32. 

The foregoing descriptions illustrate that any number of disk drives 14,14' can be 
interconnected with any number of computers or other electronic apparatus in a wide variety 
of configurations. However, the foregoing embodiments are merely illustrative and are not to 
be construed as limiting the scope of the invention. The invention is defined according to the 
appended claims and is limited only thereby. 
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